RESULTS A N D DISCUSSION
Visual comparison of the stained gels The protein electropherograms of all Zymomonas strains, except one, were very similar.
They consisted mainly of a series of 15 bands which varied in intensity and sharpness (Fig. I) . The bands of 2. anaerobia subsp. pomaceae were located in the same part of the gel column, but with a different pattern. A few strains could be recognized by a specific protein band, e.g. in strains 7.4 and 70.7 band H was lacking but band I was stronger than in the other strains, and strain I had a very strong P band. Strains isolated in the same area at the same time had almost identical protein patterns; this was true for strains of each series Z, VP, 5 and 17 isolated in Zajire (see Table I of Swings & De Ley, 1975) . Strains from the 70 series were isolated at different times in 1970 from Elaeis-sap from places in and around Kinshasa, Zaire; their patterns were not quite the same. Zymomonas anaerobia NUB8227 and its subculture Queensland 409 had identical protein patterns: bands B, C and D were absent or very weak. The patterns from 2. mobilis ATcC10988 and its subculture Queensland 410 were almost identical. Figure 2 shows a series of representative Zymomonas protein patterns.
Visual inspection detected only qualitative similarities between protein band patterns. Quantitative numerical comparisons might detect unsuspected similarities or differences.
Reproducibility of the quantitative electrophoretic method Strains cannot be differentiated taxonomically within the limits of reproducibility of the method used. Some aspects of the reproducibility were examined previously with Zymomonas strain z3 (Kersters & De Ley, 1975) . However, since extracts from Zymomonas strains displayed very narrow and sharp protein bands (Fig. 2) , slight shifts, sometimes hardly visible and unavoidable experimentally, strongly affected the correlation coefficients and thus the reliability of the final clustering. We therefore examined other aspects of the reproducibility more thoroughly.
All results were calculated from compensated normalized scans. Different methods of breakage of bacteria (French pressure cell ; Raytheon sonic oscillator ; MSK-shaker) did not yield exactly the same gels. We always used the French pressure cell in standardized conditions. Time and temperature of centrifugation, as well as protein concentration and volume of the sample, had to be kept constant.
In the following experiments we used strain z3 as a model and checked, at the same time, the effect of repeated electrophoretic runs from the same cell-free extract, the effect of repeated cultures, and how well the reproducibility could be improved by mathematical corrections. Twenty-one gels prepared from five cultures of strain z3 grown independently in the same conditions, were compared by each of the three mathematical methods (Fig. 3) . The lowest clustering from normalized scans was r = 0.67, from the peak method it Twenty-one scannings are clustered by the normalized (N), the compensated normalized (CN), and the peak (p) methods. Each gel has a tripartite symbol: independent batches are designated by the letters A, B, C, D and E, separate electrophoresis runs by a number, and the individual gels by small type. was r = 0.84, and from compensated normalized scans it was r = 0.90. The third correction method was thus the best. The gels from each culture did not cluster together. The reproducibility of electropherograms from one culture was no higher than from different batches. The remaining variability of the results was thus due to the electrophoretic techniques and not to differences in culturing.
The limits of reproducibility Ninety compensated normalized scans from 43 Zymomonas strains were clustered with the unweighted average pair group method. The lower reproducibility limits were : for From the above data and the complete clustering (not given here) it followed that above the level of r = 0.88 no taxonomic differentiations are possible in Zymomonas by this method.
Numerical analysis of the electrophoretic protein patterns of 43 Zymomonas strains
When several gels were available from one strain, the one with the highest product of z values was selected as the most typical (Silvestri et al., 1962) . The z-transformation is the inverse hyperbolic tangent of the correlation coefficient r (Rohlf & Sokal, 1969). In the final analysis one gel per strain was used. The results are shown in Fig. 4 . All strains, except one, clustered together at or above r = 0.88, the limit of taxonomic differentiation. The quantitative analysis confirmed the visual inspection: all but one of the Zymomonas strains had a very similar, and sometimes identical, soluble-protein composition, whatever their source. The highly correlated protein patterns of the strains examined reflected their close genetic resemblance, shown by DNA-DNA homologies, % GC (Swings & De Ley, 1975) Silvestri et al. (1962) . We defined the value of the ranking order R as the number of electropherograms with which the electropherogram under consideration had a value of r 3 omgo.
The hierarchical order H of each electropherogram is the product of its z values. The results are shown in Fig. 5 
